A transgenic mouse was generated expressing on most (>80%) of thymocytes and peripheral T cells a T-cell receptor isolated from a cytotoxic T-cell clone (F5 
INTRODUCTION
Development and differentiation of T cells are complex processes taking place mainly in the thymus. Stem cells originating in the fetal liver or the adult bone marrow migrate into the thymus, where they mature, become functionally competent and are finally exported into the peripheral lymphoid compartment (Adkins et al., 1987) . The majority (>95%) of thymocytes and circulating T cells carry the c// TcR heterodimer derived from the somatic rearrangement of the TcR alpha and beta loci getes, whereas a small *Corresponding author.
proportion (2-5%) carries the ,/c TcR heterodimer derived from similar rearrangement of the TcR ' and loci (Davis and Bjorkman, 1988) . The T-cell receptor (TcR) is the structure that determines the antigenic specificity of the T cell and the repertoire is selected for the ability of the Tcell receptor to recognize self-MHC molecules complexed or not with peptide. The development of self-MHC restriction and self-tolerance is the result of two major mechanisms: positive selection, during which potentially functional cells able to recognize peptides presented by self-MHC molecules are allowed to mature, and negative selection, during which potentially harmful or self-reactive cells are eliminated (Blackman et al., 1990; von Boehmer, 1990; Loh, 160 C. MAMALAKI et al. 1991) . The difference between these two similar but contradictory processes may be based on requirements for higher-affinity interaction between components of the TcR/MHC/peptide complex for negative selection than for positive selection (Sprent et al., 1988; Schwartz, 1989) . It is generally thought that thymic epithelial cells positively select those thymocytes that have a TcR with affinity for self-MHC, whereas negative selection is carried out following presentation of self-antigens by bone marrow-derived thymic stroma cells (Sprent et al., 1975; Bevan and Fink, 1978; Matzinger and Guerder, 1989; Speiser et al., 1989; Mazda et al., 1991 (Kappler et al., 1987 (Kappler et al., , 1988 MacDonald et al., 1988) , and since then has provided evidence for V]/-specific positive selection in certain circumstances (Blackman et al., 1989 (Blackman et al., , 1990 Tomonari, 1992) .
The use of T-cell receptor transgenic mice has provided another extremely powerful way of examining both positive and negative selection because these mice carry a specific T-cell receptor c/]/ heterodimer on most of their thymocytes and mature T cells, thus allowing easy detection of their fate (Kisielow et al., 1988a,b; Sha et al., 1988a; Berg et al., 1989; Kaye et al., 1989; Pircher et al., 1989) .
These studies have demonstrated similarities between the different systems, such as the positive selection in the presence of the appropriate MHC haplotype Ohashi et al., 1990 ) and the deletion of developing thymocytes in the presence of the cognate antigen (Berg et al., 1989; Scott et al., 1989) . They also revealed some disparities. Thus, male mice carrying a TcR recognizing the H-Y antigen delete thymocytes at the immature double-positive stage (Kisielow et al., 1988a ) whereas mice transgenic for TcRs reacting to Mls seem to delete single-positive self-reacting cells (Pircher et al., 1989 (Robey et al., 1992) that has a frameshift mutation in the CD2 coding region (Fig. 1A) . This CD2 minigene cassette provides an intron, a polyadenylation signal, and the human CD2 3' regulatory (LCR) sequences, which are sufficient to direct expression of transgenes in thymocytes and T cells of transgenic mice in a tissue-specific, gene-copy-related and position-independent manner (Greaves et al., 1989 ).
The chimeric c and ]/genes were cointroduced by egg microinjection in the genome of C57BL/10 mice, as described in Lang et al. (1988) . Several lines were generated that carried and expressed the transgenes. We analyzed in detail a line that contained a high number of copies of both the oand ]/-chain genes, as shown by Southern blot analysis of tail DNA (Fig. 1B) (Fig. 1B) (Tomonari and Lovering, 1988) . Over 80% of thymocytes of transgenic mice were found to express the V]/11 chain, compared with 1-4% of thymocytes from nontransgenic littermates ( Fig. 2A) (TcR1) level of expression and the high (TcRhi) levels found on mature single-positive thymocytes of nontransgenic mice ( Fig. 2A) .
To follow the expression of the transgenic Tcell receptor in different subpopulations of thymocytes, we performed three-color fluorometric analysis using antibodies recognizing CD4, CD8, and Vf111 TcR molecules (Fig. 2B) (Kisielow et al., 1988b; Sha et al., 1988b; Kaye et al., 1989 / progeny were identified as described in Materials and Methods and analyzed by threecolor fluorometric analysis using monoclonal antibodies against CD4, CD8, and Vf111. Figure   4A shows that the proportion of CD8/4 thymocytes was reduced from 20% in bb mice to 4% in bk and 2% in kk F5 transgenic mice. The decrease, which was also observed in bd and dd mice (Fig. 4B) (Pircher et al., 1989 
MATERIALS AND METHODS

Gene Construct and Transgenic Mice
The cDNAS for the o and ]/chains of the F5 T-cell receptor were cloned in the 5' untranslated region of the human CD2 mini gene (Greaves et al., 1989 (Palmer et al., 1989) were inserted in this position.
The chimeric F5o and F5]/ constructs were coinjected into C57BL/10 embryos as previously described (Lang et al., 1988 (Weiss et al., 1984) . F5 transgenic mice were typed scid/scid by quantitating serum immunoglobulin levels. Preparation of DNA and RNA and analysis by Southern or Northern blot were carried out as described (Lang et al., 1988 % specific lysis=(E-C/M-C)xlO0
where E is the cpm from wells with effectors present, C is the cpm from control wells with target cells incubated in medium alone, and M is the maximum released counts from target cells incubated with 5% Triton-100. Twelve-point regression analysis was performed for each titration curve and the % lysis at an effector:target ratio of 10:1 was taken from this curve. Significant positive lysis was taken as levels over 10% specific lysis from curves where the r value lay between 0.80 and 1.00. These are underlined in the tables. (Received November 3, 1992) (Accepted January 4, 1993) 
